A time course analysis of hsp70 mRNA induction in response to a physiologically relevant increase in body temperature of 2.68C was performed in the rabbit forebrain. A protocol that combined in situ hybridization and cytochemistry on the same tissue section was employed to identify reactive glial cell types. Cytochemical markers for astrocytes, microglia, and oligodendrocytes were utilized in combination with a DIG-labelled hsp70 riboprobe, which permitted mRNA localization at high resolution. Four glial cell body-enriched regions of the rabbit forebrain were examined, namely, cortical layer 1, hippocampal fissure, corpus callosum, and fimbria. Maximal hsp70 mRNA induction was observed in 2 and 3 h hyperthermic animals. The colocalization analysis demonstrated that hsp70 mRNA was induced in oligodendrocytes and microglia, but not in forebrain GFAP positive astrocytes. In addition, cell counts were performed which showed that almost all oligodendrocytes induced hsp70 mRNA while a subpopulation of microglial cells responded. These data are consistent with the notion that oligodendrocytes, microglia, and astrocytes exhibit distinct thresholds for activation of the heat shock response following a physiologically relevant increase in body temperature.
Introduction
The mammalian hsp70 multigene family is comprised w x of constitutive and stress-inducible members 23,56 . Constitutively expressed members function as molecular chaperones and are involved in protein folding, transport, and w x translocation 3,15-17,57 . Hsc70 is expressed at high w x levels in unstressed cells 46 . In the mammalian central Ž . nervous system CNS , constitutive hsc70 mRNA is found w x at abundant levels in forebrain neurons 12 , cerebellar w x w x Purkinje neurons 26 , brain stem neurons 13 , and spinal w x cord motor neurons 27 . Hsp70 is strongly induced following neural traumas including hyperthermia, ischemia, and Ž w x. wounding for review see 4, 5, 36 . In global ischemia w x w x studies 7,34,45,54 and focal ischemia studies 20,58 , neurons respond by inducing stress-inducible hsp70 mRNA and protein. Following a fever-like increase in body tem-Ž perature, a strong glial induction has been reported rew x. viewed by 5 . Several studies have suggested a protective role for w x hsp70 protein following cellular stress 9,37,38 . Using mammalian non-neural cells grown in tissue culture, it has been shown that impairment of hsp70 induction leads to w x thermosensitive cells 18, 40 , and that prior heat treatment w x can confer thermotolerance 1, 22, 49 . Several experiments at the in vitro level have suggested a protective role for hsp70 in the mammalian nervous system. Injecting antihsp70 antibodies into cultured neurons resulted in inw x creased sensitivity to heating 19 and transfection of the stress-inducible hsp70 gene into cultured rat neurons and w x glia conferred protection from heat stress 52 . Tissue culture studies have also shown that prior heat shock can have neuroprotective effects against subsequent insults w x 21,24,41 . In vivo demonstrations of protective effects have been reported. Prior whole body hyperthermia resulted in protection against bright light degeneration of w x photoreceptors in the rat retina 2 . In rat forebrain, prior w x hyperthermia protected neurons from ischemic damage 6 .
Previous work in our laboratory has revealed a strong glial induction following hyperthermia in rabbit cerebelw x lum, brain stem, spinal cord, and forebrain 13,25-28,48 . Other groups, working both in vitro and in vivo, have demonstrated a glial induction of hsp70 in response to w x w x temperature elevation in rat 29,31-33 , mouse 43 , and w x human 10,14,42 . In the present investigation, we have sought to identify which glial cell types induce hsp70 mRNA in the rabbit forebrain in response to physiologically relevant hyperthermia. A method was employed Ž . which combines non-radioactive digoxigenin; DIG in situ hybridization and cytochemistry to identify astrocytes, microglia, and oligodendrocytes in the rabbit forebrain. This procedure permitted colocalization of hsp70 mRNA and cell type markers in the same cell. Anti-glial fibrillary Ž . acidic protein GFAP was used as an astrocyte marker. Microglia were identified using the lectin GSA I-B from 4 w x Griffonia simplicifolia 50 and oligodendrocytes were identified using the lectin GSL II from G. simplicifolia w x 51 . The time course of the glial response to hyperthermia was examined in forebrain regions that are enriched in glial cell bodies, namely, cortical layer I, hippocampal fissure, corpus callosum, and fimbria.
Materials and methods

Treatment of animals
The body temperature of adult male New Zealand white Ž . rabbits mean weights 1.9 kg was elevated 2.68C above Ž . normal 39.68C by the intravenous injection of LSD at w x 100 mgrkg as previously described 8 . We have previously shown that the induction of hsp70 mRNA in the rabbit brain is due to the hyperthermic effects of the drug w x 25 . The core body temperature of the animals was monitored, with a rectal thermistor probe, prior to injection, at 15 min intervals for 90 min, and at hourly intervals for up to 5 h following LSD injection. Core body temperature reached a maximum at 1 h and returned to normal by 4 h Ž . Fig. 1 . Animals were killed at 1, 2, 3, 5, and 10 h post-LSD injection. Animals were anesthetized with pento-Ž . barbital 80 mgrkg injected via the marginal ear vein. Brains were removed, frozen in OCT embedding compound and stored at y708C until use.
Synthesis of riboprobes
The subclone pH 2.3, a 2.3 kb HindIII-BamHI fragment of the human hsp70 inducible gene in pGEM1, was obw x tained from R. Morimoto 59 . An 843 bp insert was digested out with ClaI and HindIII and subcloned into the vector pBluescript KS for preparation of hsp70 riboprobes. Fig. 1 . Temperature increase following drug-induced hyperthermia. The body temperature of adult male New Zealand white rabbits was elevated Ž . 2.68C above normal 39.68C by the intravenous injection of LSD at 100 mgrkg. Body temperature was monitored with a rectal thermistor probe, prior to injection, at 15 min intervals for 90 min and at 1 h intervals for up to 5 h. Core body temperature reached a maximum at 1 h and returned to normal by 4 h. The data shown represent temperatures recorded for a total of 18 animals, 3 control animals and 3 animals per hyperthermic treatment. Hyperthermic animals were killed at 1, 2, 3, 5, and 10 h post-LSD injection.
Linearization with ClaI or HindIII and subsequent in vitro transcription incorporating 35 S-or digoxigenin-labelled UTP using T7 and T3 polymerases produced antisense and sense hsp70 riboprobes, respectively.
The subclone pHA 7.6, a 600 bp EcoRI fragment from the human constitutive hsc70 related protein p70 in w x pGEM1, was obtained from R. Morimoto 55 . The 600 bp EcoRI fragment was digested out and subcloned into the vector pBluescript KS for preparation of hsc70 riboprobes. Production of antisense and sense hsc70 riboprobes was achieved by linearization with HindIII or BamHI, followed by in vitro transcription incorporating 35 S-or digoxigenin-labelled UTP by T7 and T3 polymerases, respectively.
Pretreatment of sections
A series of 12 mm frozen sections were thaw mounted Ž on gelatin-coated glass slides 1% gelatin, 0.5% chromium . potassium sulfate and air dried. Tissue sections were fixed Ž in 4% formalin 4% formaldehyde in phosphate buffered Ž saline for 5 min, rinsed for 2 min in 2 = SSC 0.3 M . sodium chloride, 0.03 M sodium citrate, pH 7.0 , incu-Ž bated for 10 min in TEArNaClrAA 0.1 M triethanolamine, 0.9% sodium chloride, 0.5% acetic anhy-. dride and rinsed in 2 = SSC. Slides were dehydrated in increasing alcohol concentrations, incubated in chloroform for 5 min, to delipidate tissue, followed by 1 min in w x absolute alcohol, 1 min in 95% alcohol, and air dried 39 .
RadioactiÕe in situ hybridization
Tissue sections were hybridized for 5 h at 558C, with Ž 100 ml of hybridization buffer 50% formamide, 10% dextran sulfate, 0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin, 50 mM dithiothreitol, 0.5 mgrml yeast tRNA, 0.64 mgrml herring testis DNA and 0.1 mM sodium acetate, 750 mM NaCl, 75 mM sodium . 
Non-radioactiÕe in situ hybridization
Tissue sections were hybridized for 5 h at 558C, with 100 ml of hybridization buffer containing approximately 500 ng of one of the DIG-UTP labelled riboprobes: hsc70 antisense or sense, hsp70 antisense or sense. Slides were Ž rinsed in TrisrNaCl buffer 500 mM NaCl, 1 mM EDTA, . 10 mM Tris, pH 8.0 , incubated for 30 min in RNase Ž . buffer 500 mM NaCl, 1 mM EDTA, 10 mM Tris, pH 7.5 containing 20 mgrml RNase A, and washed for 1 h at 378C in RNase buffer followed by 1 h wash at 708C in 0.1 = SSC. After post-hybridization washes, slides were rinsed in 2 = SSC and then incubated in blocking solution Ž . 2 = SSC, 6% fetal calf serum, 0.05% Triton X-100 for 1.5 h at room temperature. After blocking, slides were incubated with anti-digoxigenin-alkaline phosphatase Ž . 1:500 in blocking solution for 24-36 h at 48C. Sections Ž were washed 3 times for 30 min in buffer A 100 mM Tris, . Ž pH 8.0, 100 mM NaCl , 5 min in AP buffer 100 mM Tris, . pH 9.5, 100 mM NaCl, 50 mM MgCl , 0.1% Tween 20 , 2 and 5 min in AP buffer with 5 mM levamisole. Slides were incubated in NBTrBCIP color reagent in AP buffer with 5 mM levamisole for 4-6 h. Slides were rinsed in buffer A to halt the color reaction, rinsed in water, counterstained with 0.5% neutral red, rinsed in water, dehydrated in 70% alcohol, air dried, and mounted in 50% permountr50% xylene.
In situ hybridizationr cytochemistry
Cytochemical procedures were performed alone or in combination with the non-radioactive in situ hybridization procedure described above. In the latter, the following procedures preceded the alcoholrchloroform pretreatment described above for the non-radioactive in situ hybridization protocol.
Anti-GFAP immunocytochemistry
An immunoperoxidase procedure was utilized for GFAP staining of astrocytes. Tissue sections were post-fixed for 5 Ž min in 4% formalin in PBS, hydrated in buffer C 1 = PBS, . 0.1% bovine serum albumin, 0.2% Triton X-100 for 30 min, blocked in buffer C containing 1-2% horse serum, and incubated overnight at room temperature with primary antisera in buffer C, anti-GFAP, 0.125 mgrslide. Slides were washed twice for 5 min in buffer C, incubated for 1 h in buffer C containing secondary antibody, biotinylated anti-mouse IgG, 1:1000, washed twice for 5 min in buffer C, incubated with Vectastain Elite ABC reagent for 30 min, washed for 10 min in buffer C, and reacted for 5 min in DAB peroxidase substrate solution. Slides were washed in tap water for 5 min, dehydrated through an alcohol series, cleared in xylene and mounted in 50% permountr50% xylene.
Lectin-cytochemistry
For identification of microglia and oligodendrocytes lectin cytochemistry was employed. Microglia were dew x tected using GSA I-B from G. simplicifolia 50 and 4 w x oligodendrocytes using GSL II from G. simplicifolia 51 . Tissue sections were fixed for 5 min in 4% formalin in PBS, hydrated in PBS with 0.1% Triton X-100 for 30 min Ž and incubated with biotinylated lectin GSA I-B , 20 4 . mgrml; GSL II, 10 mgrml for 2 h at room temperature. Slides were washed in PBS, twice for 5 min. Slides incubated with the GSA I-B lectin were then reacted for 5 4 min in DAB peroxidase substrate solution, washed for 5 min in tap water, dehydrated through an alcohol series, cleared in xylene and mounted in 50% permountr50% xylene. Slides incubated with the GSL II lectin were incubated with Vectastain Elite ABC reagent for 30 min, washed for 10 min in buffer C and then reacted and processed as described above.
Results
Time course analysis of constitutiÕe hsc70 mRNA and stress-inducible hsp70 mRNA
The kinetics of the transient increase in body temperature of rabbits is shown in Fig. 1 . A maximal elevation of 2.6 " 0.068C over the normal temperature of 39.6 " 0.038C was attained at 1 h with a return to normal by 4 h. In situ Ž .
35 hybridization experiments Fig. 2 , using S-labelled riboprobes, were carried out to examine cellular patterns of expression of constitutive hsc70 mRNA and stress-induci-Ž . ble hsp70 mRNA in the control CON and hyperthermic rabbit forebrain at 1, 2, 3, 5, and 10 h. As seen in the left panels of Fig. 2 , expression of hsc70 mRNA was detected Ž . in neuronal-enriched regions including cortical layers CL , Ž . Ž . hippocampus HP , and thalamus THA . This regional pattern of hsc70 mRNA expression did not differ in con-Ž trol and hyperthermic treatments compare left panels A-. CON with A-1 to A-10 HR .
As shown in the right panels of Fig. 2 , hybridization with an 35 S-labelled hsp70 riboprobe revealed a different pattern of expression in control compared to hyperthermic forebrain. Basal expression of hsp70 mRNA was detected Ž in control cortical layers, hippocampus, and thalamus Fig. . 2B-CON . Following heat shock, a robust induction of hsp70 mRNA was apparent at 1, 2, and 3 h in fiber tract Ž . regions including the corpus callosum CC and fimbria Ž . Ž . F Fig. 2B-1 to B-3 HR . This induction of hsp70 mRNA Ž . was significantly reduced at 5 h Fig. 2B -5 HR and Ž . returned to control levels by 10 h Fig. 2B-10 HR . We have shown that the hsp70 riboprobe detects a 2.7 kb mRNA in the rabbit brain and does not cross-hybridize to the constitutive 2.5 kb hsc70 mRNA which is detected w x specifically by the hsc70 riboprobe 13 . No signal was apparent in tissue sections hybridized with sense hsp70 or w x hsc70 riboprobes 13 .
Cellular localization of induced hsp70 mRNA by non-radioactiÕe in situ hybridization
Non-radioactive in situ hybridization was utilized to examine hsp70 mRNA expression in forebrain regions enriched in glial cell bodies, namely cortical layer 1, hippocampal fissure, corpus callosum, and fimbria. Fig. 3 shows the time course of hsp70 mRNA expression in Ž . Ž cortical layer 1 Fig. 3A and the hippocampal fissure Fig. . 3B at 1, 2, 3, and 5 h. The presence of hsp70 mRNA is visualized as a blue precipitate while cell nuclei are counterstained red. Glial cells were identified in these regions by their nuclear morphology. Hsp70 mRNA was not detected in all glial cells, as both hsp70 positive glial cells Ž . Ž . arrows and hsp70 negative glial cells arrowheads were observed. As shown in Fig. 4 , an induction of hsp70 mRNA was also observed in glial cells of the corpus Ž . Ž . callosum Fig. 4A and fimbria Fig. 4B . At higher magnification, it is apparent that by the 5 h time point only a few cells expressed hsp70 mRNA in both of these fiber Ž . tract regions arrows, Fig. 4A,B 5 HR . A quantitation of the percentage of hsp70 mRNA positive glial cells in the four regions of the forebrain is represented in Fig. 5 . In all forebrain regions the most robust hsp70 mRNA induction was observed at 2 and 3 h. Interestingly, in cortical layer 1 and in the hippocampal fissure, only 50% of the glial cells showed hsp70 mRNA Ž expression while in the two fiber tract regions corpus . callosum and fimbria , 75% of the glial cells showed an induction of hsp70 mRNA by the 2 h time point. Fig. 6 shows the percentage contribution of astrocytes, microglia, and oligodendrocytes to the population of glial cells in the four selected regions of the rabbit forebrain. The predominant cell type in the two fiber tract regions Ž . corpus callosum and fimbria was the oligodendrocyte which comprised 69-70% of the total number of glial cells. In cortical layer 1 and the hippocampal fissure, oligodendrocytes comprised 27-32% of the glial cell population while 25-28% were astrocytes and 40-48% microglia.
Composition of glial cell types in forebrain regions
Identification of glial cell types expressing hsp70 mRNA
To investigate the glial cell types inducing hsp70 mRNA in the various forebrain regions, a colocalization protocol consisting of both in situ hybridization and cytochemistry was employed. Anti-GFAP antibody was used as an astrocyte marker, while microglia and oligodendrocytes were identified using lectins from G. simplicifolia, GSA I-B 4 w x w x 50 and GSL II 51 , respectively. As previously shown, it is apparent that the most robust induction of hsp70 mRNA was observed in the corpus callosum and fimbria, as Ž . counts were performed on tissue sections 1 hybridized with a DIGlabelled proteolipid protein riboprobe and counterstained with neutral red, Ž . for oligodendrocytes, 2 reacted with the microglial lectin, GSA I-B 4 Ž . and counterstained with cresyl violet, for microglia, and 3 immunoreacted with anti-GFAP antibody and counterstained with cresyl violet, for Ž . astrocytes. Data mean"S.E. are representative of 4 animals.
Ž
. which were positive for hsp70 mRNA blue precipitate Ž . and the microglia-specific GSA I-B lectin light brown . 4 Similarly, oligodendrocytes also showed an induction of Ž . hsp70 mRNA in the corpus callosum Fig. 7C and fimbria Ž . Fig. 7G when GSL II lectin was used as the cell specific marker. The insets in Fig. 7 show a GSA I-B positive 4 
. microglial cell Fig. 7B and a GSL II positive oligoden-Ž . drocyte Fig. 7C from tissue sections that were processed for lectin cytochemistry alone. Induction of hsp70 mRNA Ž by astrocytes was not detected in these two regions Fig. . 7D,H when anti-GFAP antibody was used as the cell specific marker. As shown in Fig. 8 , similar results were observed at 2 h in cortical layer 1 and the hippocampal fissure, that is, oligodendrocytes and microglia were ob-Ž served to induce hsp70 mRNA Fig. 8A,B, and D,E, . respectively while expression of hsp70 mRNA was not These data demonstrate that microglia and oligodendro- ) cytes are the cell types contributing to the glial induction of hsp70 mRNA observed in four selected regions of the forebrain of hyperthermic rabbits. Do all microglia or all oligodendrocytes respond to hyperthermia by inducing hsp70 mRNA? Cell counts were performed to determine the percentage of hsp70 positive microglia and oligodendrocytes at the 1, 2, and 3 h time points. Results are presented in Fig. 9A for microglia and in Fig. 9B for oligodendrocytes. These data show that populations of microglial cells react differently to hyperthermia in the four forebrain regions while oligodendrocytes respond similarly in these regions. That is, a maximal response was observed in microglia of the fimbria, where 90% of microglia were observed to be hsp70 mRNA positive at 2 h, while less than 50% of microglia in cortical layer 1 were observed to induce hsp70 mRNA. Hsp70 negative mi-Ž . croglial cells arrowheads were observed in cortical layer Ž . Ž . 1 Fig. 8A , the hippocampal fissure Fig. 8D , and the Ž . corpus callosum Fig. 7B at the 2 h time point. In Ž . comparison, almost all oligodendrocytes 95-98% induced hsp70 mRNA by 2 h in the four regions examined.
Discussion
The time course of expression of constitutive hsc70 mRNA and stress-inducible hsp70 mRNA following a physiologically relevant increase in body temperature Ž . 2.68C was examined using radioactive in situ hybridization. Both hsc70 mRNA and basal hsp70 mRNA were localized to neuron-enriched regions of the forebrain in Ž unstressed rabbits. Following hyperthermia 1, 2, 3, 5, and . 10 h , the cellular pattern of expression of hsc70 mRNA did not change, while the hsp70 mRNA species was strongly induced, particularly in fiber tract regions including the corpus callosum and fimbria.
Non-radioactive in situ hybridization was subsequently used to investigate hsp70 mRNA expression following hyperthermia in glial cell body-enriched regions of the rabbit forebrain. In the four regions examined, cortical layer 1, hippocampal fissure, corpus callosum, and fimbria, a strong glial induction of hsp70 mRNA was observed at 1, 2, and 3 h. At 5 h, few cells expressed hsp70 mRNA in these glial cell body-enriched regions and at 10 h, expression of hsp70 mRNA was not detected. Quantitation of the number of hsp70 mRNA positive glial cells revealed that the most robust induction was observed at 2 and 3 h. To identify the glial cell types expressing hsp70 mRNA, cytochemistry was first performed with cell type markers Žanti-GFAP for astrocytes, lectin GSA I-B for microglia, 4 . lectin GSL II for oligodendrocytes and subsequently, tissue sections were hybridized with a DIG-labelled hsp70 riboprobe. This colocalization analysis revealed that oligodendrocytes and microglia induced hsp70 mRNA in cortical layer 1, hippocampal fissure, corpus callosum and fimbria, while an induction of hsp70 mRNA was not detected in astrocytes in these forebrain regions.
An induction of hsp70 mRNA in oligodendrocytes and in microglia following hyperthermia is consistent with previous reports. Work in our laboratory has demonstrated an induction of hsp70 mRNA in oligodendrocytes in fiber tracts of the cerebellum, brain stem, and spinal cord w x 13,26-28 . In tissue culture studies, an induction of hsp70 w x protein in oligodendrocytes has been reported in rat 33 , w x w x mouse 43 and human 10,14 . In addition, an induction of hsp70 protein has been reported in human microglial cells w x following hyperthermia 10,14 .
Microglia have also been shown to induce hsp70 prow x tein in response to focal ischemia in rat brain 47 , although the percentage of microglia responding to ischemia Ž . 5-8% was much less than observed in response to w x hyperthermia. Soriano et al. 47 described microglia inducing hsp70 as stellate microglia. The morphology shown is comparable to the reported morphology for ramified w x microglia 11 . In the present study, tissue sections processed with the microglia lectin alone, revealed a staining Ž pattern comparable to ramified microglia see inset in Fig. .
Therefore, it appears that in response to both hypertherw x mia and ischemia 47 , ramified microglia induce hsp70.
With respect to astrocytes, in vitro analysis of hsp70 mRNA and protein following hyperthermia has yielded variable results in the literature. Studies with cultured forebrain astrocytes of the rat have reported an induction hsp70 mRNA following hyperthermic treatment of 458C w x for 20 min 32,33 . In the present study, forebrain regions of the rabbit were examined and hsp70 mRNA was not detected in GFAP positive astrocytes. This apparent discrepancy may result from differences in the degree of the hyperthermic insult. A supraphysiological increase of 88C w x was used in the tissue culture experiments 32,33 . This is far greater than the whole body temperature increase Ž . 2.68C which was employed in the present study.
Consistent with our observations, human adult astrocytes did not show an induction of hsp70 protein following w x hyperthermia at 438C for 90 min 10,14 . An induction of hsp70 protein in astrocytes has been reported for human w x w x fetal 42 and mouse 43 tissue, although the response by astrocytes was attenuated in these systems in comparison w x to a strong hsp70 induction in oligodendrocytes 42,43 . Also the brain region which was analyzed was not specified. Investigations in our laboratory has revealed hsp70 mRNA induction in Bergmann glia, a specialized astrow x cyte, in the rabbit cerebellum 26 which is consistent with the reported induction of hsp70 mRNA and protein in w x cultured cerebellar astrocytes 30 . In glia-enriched regions of the rabbit forebrain, the present investigation revealed hsp70 mRNA induction in oligodendrocytes and microglia.
An induction of hsp70 in neurons following other neuw x ral traumas, including global ischemia 7,34,35,45,54 and w x kainic acid induced seizures 53 , has been reported. These studies demonstrate that neurons are capable of mounting a heat shock response, and yet, in response to a fever-like hyperthermia a rapid, transient induction of hsp70 mRNA ( )was observed in glial cells, not neurons. Perhaps, this level of hyperthermia is not a severe enough trauma to trigger an induction of hsp70 mRNA in neurons. In addition, neurons showed high expression of constitutive hsc70 mRNA and protein which may confer protection to this w x level of hyperthermia 28 . Astrocytes have also been w x reported to induce hsp70 protein after focal ischemia 44 . Therefore, like neurons, this neural cell type is capable of mounting a heat shock response and yet in our physiologically relevant hyperthermia model, no comparable induction was observed. Therefore, neurons and astrocytes may require a more severe stress, such as ischemia, before inducing hsp70.
Within the forebrain, regional differences in the hsp70 mRNA induction in response to hyperthermia were observed for microglia and oligodendrocytes. By 2 h, 95-98% of oligodendrocytes in the four glia-enriched regions induced hsp70 mRNA. This response by oligodendrocytes may reflect the sensitivity of this glial cell type to fever-like temperature elevations. In comparison, a maximal induction of hsp70 mRNA in microglia was observed only in the fimbria where 90% were hsp70 positive at 2 h. Less than 50% of the microglia were hsp70 positive in cortical layers, hippocampal fissure, and corpus callosum at the same time point. The observed cell type variance in the response to hyperthermia may be due to differences in the in vivo threshold temperature for activation of the heat shock response in the three glial cell types. On the other hand, differences in the mechanisms of induction may w x exist in various neural cell types 29 . In the present experiments, a 2.68C increase in temperature exceeds the activation threshold of oligodendrocytes, triggers the induction of hsp70 mRNA in a subpopulation of microglial cells, and is below the induction threshold of forebrain astrocytes. Clearly, a differential induction of heat shock mRNA is apparent in glial cell types in the rabbit forebrain following a physiologically relevant increase in body temperature.
